In aquaculture, acute infections may result in fish mortality, but in many cases the chronic effects of infections are not readily detected, and may result in a decrease in fish growth. Ligictaluridus floridanus is a gill monogenean parasite prevalent on channel catfish (Ictalurus punctatus) farms in Northeastern Mexico. In order to assess and evaluate the impact of the chronic infection with this monogenean, 400 six-month-old catfish fingerlings from a hatchery, with a fork length of 10-15 cm were used in this study. Catfish naturally infected with L. floridanus (parasite abundance was 18) were divided in two groups of 200 fish. One group was treated with formalin, and infection was eliminated during a week, while the other group was not treated, and was used as a control. In total, 111 fish of each group were selected, placed into aquaria, and observed for 12 weeks. Indicators of growth such as fork length, mean weight, condition index, specific growth rate, feed conversion index and feed consumed were assessed. Significant differences (P < 0.05) between the treated group and control were found in the mean weight (127.85 g and 107.63 g) and specific growth rate (1.79 and 1.58), respectively. No significant differences were found in the other growth indicators assessed. We proved that growth performance of channel catfish is affected by infection with L. floridanus, which influence the farm economy. This is the first report on the effect of L. floridanus on the growth performance of channel catfish.
Channel catfish (Ictalurus punctatus) is widely cultured throughout Mexico and is the most cultured fish species in Tamaulipas State in the northeast of the country. This species is chronically infected with the monogenean Ligictaluridus floridanus, with a high intensity and prevalence in the floating cage systems used in fish production (Rábago-Castro et al. 2011) . The continuous transmission of monogeneans occurs in crowded environments, such as cage culture, causing subclinical pathological damage. Despite this, there are no studies focusing on the chronic impact of L. floridanus infections on channel catfish growth, where one of the most important economic factors is the feed, which can reach 50% or more of the production costs for this fish (Hanson et al. 2007 ). Regardless of the importance of tropical aquaculture, there are few concerted efforts to determine the diseases that affect this fish (Lio-Po and Lim 2002) . Ligictaluridus (Cleidodiscus) has been considered as a threat to fingerling catfish (Meyer 1991) but no studies have been done on the specific effect of infection with this parasite on growth performance.
The aim of this study was to assess the effect of a chronic infection by Ligictaluridus floridanus on the growth performance of channel catfish.
Materials and Methods
Experimental procedures were in compliance with the Code of Professional Ethics of Veterinary Medicine and Zootechnics in Mexico, and revised and approved by the Ethics Committee. A total of 400 six-month-old channel catfish (10-15 cm of fork length) were purchased at the hatchery Acuacultivos Santo Tomás, Abasolo, Tamaulipas, Mexico. At the farm, samples of 7 fish were examined. All fish were infected with Ligictaluridus floridanus (Monogenean) and Henneguya exilis (Myxosporea). Parasite abundance of L. floridanus was 18, which was calculated as the total number of parasites per host, including uninfected specimens (Audenaert et al. 2003) . Fish were divided into two groups of 200 fish and placed in two 192 l tanks. After a week, fish from one tank (treated group) were treated × 3 at 2-day intervals, using immersion baths with formaldehyde (250 pm) to eliminate the monogenean infection. After the treatment, 10 fish were euthanized with benzocaine (120 mg/l, Cedrosa, México) and sampled. The eight gill arches of fish were dissected and their tissue was checked for infection with the monogenean using a compound microscope (all fish were negative for infection with the monogenean). The second group was not treated (untreated group). A total of 111 fish were selected from the treated group, and placed into three 37 l aquaria with 37 fish per aquarium; the same was done with the untreated group. The experiment ran for 12 weeks, and each aquarium was supplied with constant freshwater flow and aeration. Fish were fed × 2 per day, 6 days per week to satiation without wastage with a commercial feed (Nutripec™, Mexico).
At the beginning of the experiment, fish were immersed and anaesthetized (benzocaine 40 mg/l, Cedrosa, Mexico), weighed with a scale (Ohaus-Pionner™, China) and measured (fork length in cm). Two fish from the untreated group (n = 6) were euthanized with benzocaine (120 mg/l) previously dissolved in water to determine the parasite abundance; the same was done to the treated group to maintain the same level of fish density with respect to the infected group and to examine the fish and confirm the absence of infection. Further samplings of 2 fish per aquarium (6 per group) were carried out every 2 weeks until the 12 weeks of the experiment were completed. Fish mortality was recorded daily.
The growth performance indicators of body weight (Bw, g), mean weight (Mw, g), fork length (FL, cm), condition index (K), specific growth rate (SGR, %/day), feed conversion index (FCI), weekly feed consumption (% of body weight) and feed consumed (g and %/biomass) were evaluated according to Sánchez et al. (1996) . Water properties such as temperature (ºC) and dissolved oxygen (mg/l) were recorded daily with an oxymeter (YSI ® , Mod. 85, USA), while pH, un-ionized ammonia (mg/l), alkalinity (mg/l as CaCO 3 ) and hardness (mg/l as CaCO 3 ) were recorded weekly with a kit (LaMotte ® , AQ-12, USA). Water quality indicators were compared with Student's t-test; growth performance indicators were calculated for each aquarium (treated and untreated) at 2-week intervals and compared using one-way ANOVA. Differences were considered significant at P ≤ 0.05.
Results
Water quality indicators stayed within the normal range for channel catfish fingerling culture, and were not significantly different between the groups. Fish growth measured as fork length (cm) was not significantly different (P > 0.05) between the two groups, although it was observed that the length of fish from the treated group was larger compared to the untreated group (Table 1 ). Significant differences (P < 0.05) in the mean weight of fish were observed, where treated fish were heavier than untreated fish at weeks 4 and 12 (Table  1) . Specific growth rate (%/day) was significantly different (P < 0.05) throughout the trial, with the treated group showing higher values compared to the untreated group (Table 2) . The feed consumed, feed conversion index and condition index did not show significant A total of 9 mortalities were observed in the untreated group and 6 mortalities in the treated group. At week 10, the highest parasite abundance during the experiment was observed in the untreated group (Fig. 1) .
Discussion
Monogenean infections are common worldwide in cultured sea and freshwater species of fish (You et al. 2008; Merella et al. 2009 ). In this study, results showed that chronic exposure to L. floridanus reduced the mean weight of channel catfish. The negative effects on the mean weight may be due to the irritation of the monogenean haptor on gills. Monogeneans feed mainly on the superficial layers of skin and gills, which irritates the host (Noga 1996; Yardimci and Pekmezci 2012) . Irritation is common in fish ectoparasite infections, and Ligictaluridus (Cleidodiscus) cause stress in fish (Meyer 1991) . Although stress was not measured, it is possible that discomfort due to parasites may cause severe negative effects in fish physiology (Barandica and Tort 2008) , including an increase of the metabolic rate. Moreover, feeding and parasite activity may take an energetic toll on the fish. However, periods when no significant differences in the mean weight were found were probably due to fish compensatory growth (Wright et al. 2007 ). Table 2 . Specific growth rate (%/day) of channel catfish (Ictalurus punctatus) infected with Ligictaluridus floridanus (treated and untreated group) measured at 2-week intervals.
Data expressed as %/day (± SD) of 6 fish measured per group each 2 weeks. *P < 0. A lower specific growth rate in infected fish with respect to the treated group was detected during the growth trial. It seems that access to food is an important factor to maintain the growth of fish infected with parasites. Parasites impose an energetic charge on the host, however, the growth rate of fish infected with helminthes is not affected when they have access to unrestricted food (Barber et al. 2008) .
In our study, fish were feed ad libitum × 2 a day. High density of aquaria may reduce or hinder the availability of food to smaller fish due to competition. Abundance of L. floridanus showed 3 periods (weeks 4, 8 and 12) with a decrease in the number of parasites per host, possibly as a consequence of host resistance; similar immunological responses have been observed in cage-cultured tilapia infected with the gill monogenan Neobenedenia melleni (Robinson et al. 2008) .
Dead fish in the treated and infected untreated groups during the trial may be due to normal mortality observed in commercial culture. One of the factors associated with fish mortality in cultured systems is related to stress. Environmental and management farm practices including social stress may affect the immune system of fish, leading to or predisposition to disease (Reček et al. 2009 ).
Mean weight and specific growth rates are important indicators for evaluation of fish performance, and they are related to the farm economy. Considering the period in which this species reaches the marketable size, this may involve a decrease in profits.
Monogenea can normally be asymptomatically present on gills of healthy fish (Martins 1998; Repulles-Albelda et al. 2013 ). This group is among the helminthes most commonly found on fish farms in Mexico, with a great potential of impacting fish culture (FloresCrespo and Flores-Crespo 2003) . There is evidence that the effect of gill monogeneans on fish cause a reduction on host growth (Forwood et al. 2012) . Similarly, in salmon culture it has been estimated that the greatest financial losses due to the ectoparasite sea lice are caused by reduced growth and poor feed conversion ratio (Johnson et al. 2004) . It is possible that exposure of channel catfish to L. floridanus impacts negatively their growth performance and in consequence the farm's profits. It is recommended that channel catfish farms should take into account the impact of this parasite, especially in young fish, and treat them accordingly.
